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Experiments with a Deta Weighting Scheme for Satellite Soundings

One of the obvious deficiencies of the Flattery opefational objective
analysis method used in fhe NMC Final cycle is its inability to systematically
weight data of differing type and quality with the forecast used as first
guess to the analysis, This deficiency will become more glaring as each
new observing system, with its own unique set of error characteristics,

i'becomes operational. Thevbiggest source of new data during the next few
years will probably be satellite derived soundings. This paper reports on
ah experiment in which an attempt was made to systematically weight satellite
soundings with the forecast first guess in the NMC operational objective

analysis/forecast system,

II, How the scheme works

‘_ The satellite weighting scheme used in this experiment was chosen because
it could be implemented within the framework of the enalysis procedure
without making major modifications to the current method, The weighting
scheme was applied to satellite derived thicknesses rather than temperatures
because the Flattery analysis is basically a method for simultaneously
analyzing heights and winds, rather than temperatures and winds.

The gﬁnal analysis/forecast cycle consists of the following major steps:
A, Global forecast made to 6‘hours. |
B. Spectral analysis of 6-hour forecast to obtain guess coefficients,
C. Spectral analysis of obsefvational data using guess coefficients as
first guess,
These three steps are repeated every 6 hours, In order to incorporate the

satellite weighting scheme, the following three steps were added between



steps B and C above:

1. ‘First- -guess thlcknesses reconstructed from spectral coeff1c1ents at
satelllte observatlon p01nts |

2. Reconstructed guess thlckneSSes,blendedcwith satellite observed
thicknesses; | | L |

3. Original_sateliite—obserVed'thicknesses replaced by blended'thicknesses
‘in the analysis procedure. | ‘ |

In other words,’ each satellite observatlon was reflaced in the ana1y51s
' procedure by an observatlon con51st1ng of a blend between satellite observation
and flrst guess 1nterpolated to the sate111te observatlon point., Assumlng‘
that the error of a flrst guess soundlng -and sate111te observatlon is.
,‘uncorrelated a blend of: the two should on the average, be a better estlmate
"than either 1nd1v1dua1 contrlbutlon.

The blendlng formula chosen is a 51mp1e average,‘l e., forecast soundlngy
and observational soundlng are given equal»welght. Such a formula was chosen
because it isvsimpleuandrbecause 6;hour fOrecast sOundings produced by the
NMC global model have characterlstlc errors similar to those of experlmental
Nrmbus‘6 soundlngs'from‘DST—S “ When ver1f1ed against radlosonde data, forecast
and satellite soundings both exhibit error maxima near-the surface and tropo-
’pause, and both exhlblt a pronounced warm blas in the vicinity of the tropopause.

A further reflnement of the satelllte weighting scheme might be to make the
blendlng formula spatlally dependent Such a scheme could make allowance for
the fact that 6 hour forecasts are more accurate over continents (rlch in
radlosonde data coverage) than over oceans (less rich in radiosonde data
coverage] - However, no such spatlally varylng we1ght1ng scheme was tried in

this' experiment.



III. How the scheme'was tested

The satelllte we1ght1ng scheme- was tested by performlng analyses and
forecasts over a 5 day perlod beglnnlng at OOGMT August 18, 1975. ThlS perlod
was chosen because exper1menta1 Nlmbus 6 soundings were available durlng ‘this
- time. The N1mbus 6 soundlng system 1s the prototype of the next generatlon
sof operatlonal satelllte sounders. A 6—hour update interval was chosen so.
:~that none of the observatlons would dev1ate from synoptlc time by more than
3 hours. The analy51s procedure was exactly the same as the one used in the
operafional Final_cycle_except for the.addltlon of the satellite welghtlng :
scheme. A 6~hopr;forecast was nedevfronheach andlysis and used as firsttgness '
for‘the succeedingdenelysis, sfhesevforecasts nere produced‘with the.operatdonélt'_
9-iaYer global model Withe2;$ degreef}resolntion. Besides Nimbus;6.50nndings,'
all data from the operat10na1 F1na1 cycle were ‘used except for manually—

. produced bogus. The operat10na1 data base included VTPR soundings from NOAA 4
»'to whlch the satelllte we1ght1ng scheme was also applled Forecasts out to
~72-hours were made w1th the operatlonal 6 layer hemlspherlc PE model from three
separate times. These forecasts were verlfled agalnst radlosonde observations
and against?analyses. F1na11y, the- eddy available potentlal energy was
celculated for‘half_the analyses»(those'valld at 00 and 12 GMT),u51ng the‘NMC
f'operatlonal energy program.p I R .

| Addltlonally, a control experlment was run for comparlson w1th,the
abovecdescrlbed exper;ment The control was 1dent1ca1 to the flrst experlnent

Cin eVery~reSpect except’that_the.satelllte'welghtlng-scheme was omitted from
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the control ekperiment; The satellite weighting ekperiment and the
control e%periment began by using a common first guess for the first
analysis af 00 GMT August 18, but thereafter the two ekperiments cycled
independently of one another, In other words, each used its own firSﬁ:a
guess after the first 6-hour cycle. The same forecasts and verifications

were produced for the control as for the satellite weighting experiment,

IV, Results
The satellite weighting scheme was judged by comparing resulfs of the
satellite weighting experiment to results of the contfol eiperiment.
Verifications of 6-hour forecasts are.compared in Table 1, These forecasts
constitute the first guesses uséd in the‘analysés at 00 and 12 GMT, Forecasts
. valid at 06 and 18 GMT were not verified due to thé lack of radiosonde data
available at these times, Three variables--heights; temperatures, and
winds--were verified at four different levels, The 6-hour forecast errors
from the satellite weighting ekperiment are only slightly, yét consistently;
smaller than those from the control, The 6-hour forecasts with satellite
weighting are slightly better at all levels and for all three variables.
The radiosonde stations used in the verification are located over northern
North America and northern Europe, Therefore, no concrete conclusions can

be drawn about the relative quality of the first guesses elsewhere, However,

examination of difference fields can show how much difference there is

between first guesses made with and without benefit of the weighting scheme,
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Figure 1 depicts the Northern Hemisphere height differences at 500 mb
between the weighting ekperiment guess. and the control guess at the end
of the 5-day test, The contour interval is 7.5 m. Eicept for an area of
42.5 m difference near the North Pole, the differences Between the two
guesses is small, about 22 m or less, Fﬁrthermore,'the differences over

the verification areas are about the same size as those in other areas..
T T — ;

Similar results occur at other levels and for other?timesﬁ

FR————

e

Obviously, the two forecasts are very nearly the same; both over the
verification stations and elséwhere.

Figure 2a shows the 500 mb satellite weighted, Northern Hemisphere
height énalysis at the end of the 5-day test period (valid at the same
time as the first guess difference depicted in Figure 1), The difference
between this analysis and the corresponding control is shown in Figure 2b,
The differences are small and similar in magnitude to the first guess
differences from Figure 1,  The smallest differences (very nearly zero)
are over continents rich in radiosonde observations. Small differences
should be ekpected in such areas since both the satellite weighted and
control analyses treat radiosonde data in the same way. Differences at
other levels and at other analysis times are similarly small.

Since the differences between sateliite weighted analyses and control
analyses'is so small in the Northern Hemisphere, it is difficult (probably
impossible)} to assess which analyses are better by any subjective means;

In the Southern Hemisphere the differences are much larger but the problem
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ofvassessment is not :any easier'“ Southern Hemlsphere SOO—mb height analyses
valid at the end of the 5- day test perlod are shown in Flgure 3 for both the
‘ welghted and unwelghted cases The dlfference between the two analyses is
"also deplcted (Flgure 3c), u51ng a contour 1nterva1 of 30m. Large differences
occur over: oceanlc areas where very few radlosonde or. surface observations are’
'avallable. The 1argest dlfferences occur 1n:@reas where surface observatlons
are totailyhabsent;jaS‘can begseen by»comparrng Figure 3c:to the surface data
Acoverage chart in,Figure 4. A d .

Nelther ana1y51s in Flgure 3 is con51dered very good For erample the

- ,deep cyclonlc vortex shown on. both.analyses near the Antarctic coastllne at

| "about 150W 1s not supported by satelllte 1magery.' In areas where 1arge helght
: dlfferences ex1st at 500 mb ‘a substantlal portlon of the dlfference can be
"attrlbuted to large dlfferences at. 1000 ‘mb. (Flgure 5) An example can be seen

in a large area of the extreme southern part of the eastern Pacific. The',

o greater than 120m dlfferences are due in part to large dlfferences at 1000 mb,

Remember that sate111te soundlngs enter the ana1y51s system in the form of

h‘ helght thlcknesses between 1000 mb and other mandatory 1evels Hence dlfferences'
‘rat 1000 mb w111 be reflected at” other levels The fact that the two 1000 mb

‘helght analyses (one w1th and one w1thout benefit of the welghtlng scheme)

differ so greatlyé even'though the 1nput,of surface data to ‘each ana1y51s is

dthé.Same;fsupportshtheaidea that many more surface observations are needed in

:the Southern Hemlsphere to adequately define a 1000-mb reference level for

"_satelllte soundlngs.; Apparently by changlng the satelllte observatlons sllghtly

by u51ng the welghtlng scheme,.a sllghtly different ana1y51s is produced. -This

?ana1y51s results in dlfferences in ‘the lOOO—mb forecast The difference



' probably accumulates-over'severalycycles since the two experiments cycle
1ndependent1y of one another, and since no surface data enter either system

in areas where the 1000—mb dlfferences are 1arge. Only very small d1fferences‘
 between analyses w1th.and wrthout the(weightlng_SCheme occur in the Northern;

: Hemisphere at 1000 mb‘nhere'large numbers of surface‘reports arevavailable
nearly everywhere. : ‘

‘Using the NMC'operationall6;Iayer'hemispheric‘mOdell 72-hrhforecasts
were made for the Northern Hemlsphere from ‘three different ana1y51s times
during the 5-day test perlod Forecasts were made from,both_the satelllte
- weighted analyses and control_analyses,imaklng’a totalbof sir forecasts in all,
CAlLl forecasts were verified against:NMCioperational final analyses and against
'radlosonde observatlons taken over Europe and North America., Verification‘
agalnst NMC analyses is in the form of Ss1 scores, which are tabulated in Table 2,
The 81 scores are tabulated,separately_for 24, 48, and 72 hours and for each

forecast made; In the difference column a et 1nd1cates an edge for the fore—

',f‘cast beg1nn1ng from the sate111te welghted ana1y51s. Each score is an average

~ over two grlds wh1ch cover North Amerlca and Europe " Radiosonde verifications
" are in terms of root- ~mean- square errors of helght temperature and.vector wind
”(Table 3). Errors are tabulated separate1y~for each forecast hour, but the
three forecast cases are averaged together. Error differences preceded bybab"+“"
»:1nd1cate smaller errors . for the forecasts beglnnlng from satelllte welghted analyses.
| lszelther the Sl scores nor the radrosonde verlflcatlons show. the forecastsl?'
made from satelllte welghted analyses to be superlor to those made from control

"‘analyses._ The forecast model obv1ously is not sen51t1ve to ‘the small dlfferences

between analyses " The forecast d1fferences are S0 small that they are_almost o
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f“1ndlscern1b1e to the naked eyelas can be seen by comparlng the two 48-hour
. s;forecasts shown 1n Flgure 6. The dlfference map, contoured at 30m 1nterva1s,
'115 dlsplayed in. Flgure 6c. One forecast (Flgure 6a) was made from an7ana1ysis
”}u51ng the welghtlng scheme the other (Flgure 6b) wassmade from an unweighted
panadysrs.v The ver1fy1ng ana1y51s (not shown) reveals that ‘the two -48-hour ~
- forecasts resemble,eachvother‘muchfmore closely than either resembles the real
hatmosphere. | o " |
" Flnally, the temperature:varlances of several analyses were. compared bywéii
'computlng the eddy avallable potential energy [AE) for all the welghted and .
J7ﬁunwe1ghted analyses va11d at 00 and 12 GMT durlng the 5- day test perlod One
ifof the cr1t1c1sms leveled agalnst soundlngs derlved from Nlmbus 6 data is that‘:
they underestlmate the temperature varlance of the real atmosphere, In other |
words, satelllte soundlngs tend to underestlmate the amplltudes of meteorolog1ca1
systems. It was hoped that welghtlng the satelllte soundlngs w1th_forecast |
‘soundlngs mlght 1ncrease the" AE to a 1eve1 closer to that of an ana1y51s made
_1w1thout satelllte soundlngsl Such a result was achleved as can be seen from
"‘Flgure:7. However, the 1ncrease 1n eddy avallable potent1a1 energy is rather
,,smailf , L ;

The dlsappo1nt1ng1y small rncrease is: probably due prlmarlly to two
factors. Flrst of a11 there are an overwhelmlngly 1arge number of ‘satellite
observatlons compared to radiosonde observatlons. The~rat10 averages out to
three to one. Secondly, the flrst guesses to the satelllte welghted analyses
:t have 1ess AE than the analyses from which the forecasts began. Thls loss of AE
is- due prlmarlly to vert1ca1 1nterpolat10ns 1nto and out of the model coordlnate
‘f‘system, However,'the AE~of‘these‘firstAguesses is st111.Substantlally'greater

'ﬁlthan.analysesiproduCed using only sateliite data,
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V. Conclusion

The 6-hour first guess forecasts made from analyses using the
satellite weighting scheme exhibit slight but consistent superiority over
those 6-hour first guess forecasts made without benefit of the weighting
scheme, Differences between analyses made with and without the weighting
scheme are small in the Northern Hemisphere, however, and difficult to
assess, Furthermore,-S%déy forecasts made from both types of analyses in
the Northern Hemisphere show no significant differences, probably because
initial analysis differences are so small and because the forecast model
used is insensitive to such small differences, Analysis differences in the
Southern Hemisphere are considerably larger than in the Northern Hemisphere.
However, analyses made with the weighting scheme are not considered superior
to those made without it, A large percentage of the difference is due to
inadequate definition of the 1000 mb reference level,

The temperature variance, which is known to be underestimated in
analyses made using satellite soundings, is increased to a slightly better
level when‘the satellitekweighting scheme is used, However, it remains at a
level substantially below that of the real atmosphere.

Finally, it should be pointed out that‘using the satellite weighting

scheme is fairly inexpensive, Weighting satellite soundings with forecast

soundings:é@gg:éﬁiéﬁgééggAggfz%§g¢§nds of CPU time and about 1 minute of wall
time to each analysis performed on an IBM 360/195 computer, In view of its
modest cost, implementation of the satellite weighting scheme in the

operational Einal cycle is probablf'a desirable step; The weighting scheme
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I permits a more systematic way of handling satellite thickness observations

and would probably result in slightly improved analyses and first-guess

forecasts.



Table 1a, RMS 6-hour forecast errors verified at 80 Northern Hemisphere
radiosonde stations at 850 mbs, SW is satellite weighting

experiment.
Valid Height (m) Temp (°c) - | Vectqr Wind. (kts)
Time -, SW o Control; SW;(: Controll/ “SW - :: ~Control
187122 21.‘45{;,}3 220 | 26 0] 26 0| s BN
19/00% | o17a 16,7 2.7 4 2.8 | 9.9 10,0
10122 1606 | 169 | 1.8 | 1.8 | 105 | 10.4
20/002 16.0 .| 17.0 209 | 31 | s | 8.7
20/122 17,1 17.3 2.5 | 2.5 0.0 | (9.2
21/00% 22.0 21.1 2.4 2.7 9.6 97
21122 | 200 | 212 | 19 | 2.0 10.4 | 10.5
‘ | 22/003 21,6 20,3 ’ 2.2 23 s.8 | 8.8
22/122 | 195 | 19.3 2,0 2.1 11,1 111
23/00% 19.1 19,8 2,5 26 11 ‘;'\8""?;‘- 11,7 :
Kverage 19.0 | 19,2 2..4*5\:\, ) 2;5 / 9.l8 9;9




Table 1b, RMS 6-hour forecast errors verified at 80 Northern Hemisphere
radiosonde stations at 500 mbs, SW is satellite weighting
experiment,

Valid ’ ’Heig@t (mj ' Temp (°C) {" Vector Windw(kgs)\
Time SW |  Control SW {” Control Sw 'Géntrol ‘
18/122 20,5 | 32,2 ] 1.6 1.8 10.1 | “10.6
19/00z |- 23.1 | 23.3 1.4 1,5 1.2 |7 11.1
19/122 | 21.6 |° 245 | 1.6 1.6 12,4 1_.1/ 12.9
20/00z | @ 25.9 4\\_"3‘26.6 1,4 | 1,5 | 10.7 7?:'7;10.7
20/122  |.-25.7 | 26.6 ;1.9 20 | 1002 103
21/002 | © 22,1 | " 25,1 | 14|, L7 9.8 9.9
21/123 , 275 14| 14 s | a1
22/002 24,6 J15 |0 1. 10.4 103
‘ 22/122 Cis0.0 |0 1.7 |7 1.6 ‘12,3 | 124
23/00% %26.6 %26.0 21,6 1,6 ‘ ’f12;7f = L 12\7
Average | 525.6 | ’""1?26.6 e 1.5 | 1,6 ///111 ﬂ f~11.2




Table lc, RMS 6-hour forecast errors verified at 80 Northern Hemisphere
radiosonde stations at 300 mb, SW is satellite weighting
experiment,

Valid ‘ Height (m) v Temp °c) - Vector Wind (kts)
Time fl sw oo | Control Swfrerontrol : SW - .-Control
18/122 | 43.9 | 47.2 25 | 2.6 i" 14.8§ / 15.2
19/00Z | 32,5%'/ 32,6 | 2,2? | o2 18.1"1- 18,5
19/12Z - 35.9?, 39,8 2.5;" 2.7 j', 17.5%@ - 18.0
20/00% 34.92, 34.0 0 2.6 ?l 2.7 i/ 20.4;' 21.4
20/122 - | 6.7 | 487 | 32 | 3.3 - 15,00 | 15.1
21/ooz§<f[' 522 | 38.8 2.4 | 2.6 | 18,9 | 19.6
21/122 33.85i 558 0| 2.9 | 2,9 19.7 | 10.7
22/002 | 3955 | 412 | 22 .| 24 | 172 | 177
. 2an2z | a0 | s | 27 | 209 16.5 16.6
23/00% 33.2 | 31.6 22 | 2.2 24,6 24,7

average | 37,3 | 391|255 f 27 o} 183 | 18,6



Table 1d. RMS 6-hour forecast errorsiverified at 80 Northern Hemisphere
radiosonde stations at 100 mbs, SW is satellite weighting

experiment,

Valid{ﬁ\ ‘ Height (m){”“%, © Temp (°C). ‘ Vector Wind (kts)

Time . . SW Control-. .~ SW // Controlf SW/ /. Control
18/122 46,0 51,6 1.5 1.8 0.8 | 10,3
19/002 32,3 46.5 1.6 2.3 85 | 8.0
19/12% 41,7 53,1 1.4 1.7 8.6 9.9
20/002 46,6 | 52,5 1.6 2,1 9.6 11,0
20/12% 42,6 42,4 1.6 1,6 8.7 9.5
21/002 44,9 56.0 1.7 2.1 8,5 . 9.5
' 21/12% 43,1} 50,6 1.4 1.5 9.4 10,2
‘ - 22/002 46,2 54.4 2,1 2,2 - 8.6 9.6
22/122 38,5 39,1 1,7 1,7 13,0 13.8

23/00% 40,7 | 455 1.8 1,9 8.8 | o8
Average '42.3i£i 9.2 | 1,6 | 1,9 9,4 10,2



. Table 2.v 6-level forecast S1 scores, North America and Europe combined,
SW-1is satellite weighted; NSW is control,

From 00 GMT Aug. 20, 1975 ———
24 hr 48 hr 72 hr
Level , D
(mb) | SW NSW Dif [ SW NSW  Dif SW NSW - Dif
850 4 43 (1) | 61 62 (+1j' 69 69  (0)
500 34 34 (0) | 48 47 (-1j3 52 53 (+1)
300 37 37 (0) | 47 47 © | 55 55 (0)
100 58 59 (+1) | 59 61 (+2) 64 63 (1)
&5 From 00 GMT Aug. 21, 1975
E 850 51 51 (0) | 64 63 (-1) 70 69 (-1
. s00 f 38 38 (0) | 51 50  (-1) 52 51 (-1)
300 39 39 (0) | 53 53 (0) 51 49  (-2)
100 56 56  (0) | 63 62 (1) 66 66  (0)
From 00 GMT Aug. 23, 1975
850 50 51 (+1) | 56 56 (0) 68 70 (+2)
500 36 36 (0) | 43 41 (-2) 55 55  (0)
300 35 36 (#1) | 44 43 (-1) 53 54 (+1)
100 52 52 (0) | 54 55  (+1) 66 65 (-1)

9

N

(4




Table 3. RMS 6-1eVe1 PE forecast érrors, 7% Nort@ern Hemisphere
radiosonde stations, SW - satellite weighted:
NSW - control. Average of three cases,

o e —
Height (m) = | Temp (°C) . Vector Wind (kts)
Level o o
(mb) SW NSW Dif SW - NSW Dif . Sw NSW Dif

850 | 25.8 26,6 (+.8) | 2.4 2.5 (+.1) | 11.9 11.8 (-.1)
500 | 27.3  27.7 (+.4) | 1.9 1.9 (0) | 13.2 13.3 (+.1)
300 | 45.5 45.2  (-.3) | 2.0 2.0 (0) | 23.3 23.7 (+.4)

100 | 49.4 47.9 (—I.Sj 4.8 4.7 (-.1) 13.0 13.6 (+.6)

48 hr
850 { 40.5 39,2 (-1.3) 3.1 3.3 +.2) 15.0 15.1 (+.1)
. 500 | 53.5 52.2 (-1.3) 2.6 2.6 (0) 15.8 15.8 (0
300 | 81.4 79.7 (-1.7) 2.9 2.9 (0) ‘28.8 29.1 (+.3)

100 | 82.8 79.3 (-3.5) 6.1 6.0 (-.1) 16.8 16.9 (+.1)

72 hr
850 | 49.6 49.7 (+.1) 3.7 3.8 (+.1) 18.2  17.9  (-.3)
500 | 70.9 72,3 (+1.4) | 3.6 3.5 (-.1) 21,0 21,1 (+.1)
300 1111.3 113.0 (%¥1.7) | 3.5 3.6 (+.1) 36.7 36.9 (+.2)

100 | 98.7 97.9 (-.8) 6.5 6.5 (%)) 19.8  19.6 (-.2)
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